Using hepatic RNA polymerase I and II from either normal or N-2-hydroxy-2-acetylaminofluorene (N-OH-AAF)-treated rats or J5. coli RNA polymerase, the degree of misincorporation of noncomplementary nucleotides was assessed with the synthetic templates, poly(dG-dC)-poly(dG-dC) and poly(dA-dT)-poly(dA-dT). The predominant base-pair transformation that was transcribed in the presence of Mg++ or Mri*"*" by RNA polymerase I from control or N-OH-AAF-treated animals or by _E. coli RNA polymerase with poly (dG-dC)-poly (dG-dC) as template was the transversion, dG-rC to dG-rA; however, transcription in the presence of Mg* 4 " by RNA polymerase II from carcinogen-treated animals showed a statistically greater degree of the base-pair transformation, dG-rC to dG-rU. In contrast, RNA polymerase I and II from control or N-OH-AAF-treated animals transcribed the base-pair transformation, dA-rU to dA-rG, dA-rU to dA-rC and dA-rU to dA-rA to equal extents with poly(dA-dT)-poly(dA-dT) as template. E. coli RNA polymerase transcribed the latter template to produce only the transversion, dA-rU to dA-rG. These results suggest that RNA polymerases are capable of miscopying synthetic DNA templates. The consequences of base-pair transformations on the fidelity of transcription after carcinogen treatment is discussed.
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INTROUDCTION
Recent experimental evidence has shown that RNA synthesis is exquisitely sensitive to acute treatment by a variety of chemical hepatocarcinogens. Agents such as aflatoxin B. (1), dimethylnitrosamine (2), 3'-methyl-4-dimethylaminoazobenzene (3) and N-OH-AAF (4-10) have marked inhibitory effects on nuclear RNA synthesis. In most instances (1) (2) (3) 5, 6, 10) , RNA polymerase II appeared to be more sensitive than RNA polymerase I to carcinogen treatment. These biochemical changes appear to be highly specific to the action of chemical carcinogens, since the template activity of chromatlr.
(2,9) and DNA (6) prepared from animals treated with N-OH-AAF were not impaired. It would appear that the most important question to ask with regard to these phenomena is the carcinogens effect producing a functional change in the RNA or is it merely effecting a change in the rate of RNA synthesis? It is conceivable that alterations in the activity of RNA polymerase I and II or the structure of the RNA product, or both could affect the normal constituency of rRNA and mRNA required for maintaining a tissue in the normal differentiated state. In this regard, changes were noted in the nearest-neighbor frequencies transcribed from native DNA by N-OH-AAF-modified RNA polymerase I and II (5). These differences imply that an altered distribution of bases in the nuclear precursors to rRNA and mRNA could conceivably be produced in vivo by N-OH-AAF. However, these results do not give a clue as to whether misincorporation or differences in initiation, or both are responsible for the changes in nucleotide distribution of the RNA transcribed by the carcinogen-modified enzymes. To pursue this problem further, the present studies were initiated to examine the role of misincorporation using synthetic DNA templates and hepatic RNA polymerases prepared from N-OH-AAF-treated rats.
MATERIALS AND METHODS
Materials. [8- Preparation of RNA polymerase I and II. Hepatic nuclei were isolated as previously described (6) . Nuclei were used immediately after centrifugation in hypertonic sucrose without further resuspension and washing in isotonic sucrose. Nuclei were suspended in deionized water and stirred for 30 min at 4°. Nearest Neighbor Analysis. Analyses were carried out as previously described (5) . The incorporation of radioactivity for the four RNA polymerases under the differing divalent metal and template conditions was approximately 3-fold higher than the activities shown in Fig. 1 . Each eluate from the Dowex chromatography was transferred to a scintillation vial and lyophilized to dryness. Ten ml of Omnifluor-Triton-toluene scintillation fluid (6) was added to each sample and the radioactivity was determined to a 2% standard error in a Beckman LS-335 liquid scintillation system.
RESULTS
The template efficiencies as a function of divalent metal concentra- Tables 1-5 except that the enzyme preparations contributed one-third the constituents described under "Materials and Methods". Each value is the mean of duplicate determinations which did not differ by more than 5%. RNA polymerase II (Fig. 1C-D) while the sharp increase in activity vs. Mg concentration observed for control RNA polymerase I (Fig. 1A) was not evident with N-OH-AAF-modified RNA polymerase I (Fig. IB) . The optimal Mn I l (1.6 mM) and Mg (6 mM) concentrations were similar for the four RNA polymerases and were used in all further experiments.
In order to test for base-pair transformations, the misincorporation of all noncomplementary nucleotides next to a complementary nucleotide was measured. Under these conditions, the base-pair transformations dA-rU to dA-rG, dA-rU to dA-rC and dA-rU to dA-rA are assessed with poly(dA-dT)•poly-(dA-dT) as template, and the base-pair transformation dG-rC to dG-rU, dG-rC to dG-rG and dG-rC to dG-rA are measured with poly(dG-dC)-poly(dG-dC) as template. The results of these experiments are presented in Tables 1-5 .
The fidelity of transcribing poly(dA-dT)-poly(dA-dT) with control and N-OH-AAF-modified RNA polymerase I is shown in Table 1 . A very low level of misincorporation was noted under all assay conditions with the transversion, dA-rO to dA-rG being the main base-pair transformation.
In contrast, poly(dG-dC)*poly(dG-dC) w a s transcribed with a great deal less fidelity than poly(dA-dT)-poly(dA-dT) by RNA polymerase I (Table 2 ) .
High amounts of the transversion, dG-rC to dG-rA were noted, with lesser d egrees of the base-pair transformation, dG-rC to dG-rU and dG-rC to clG-rG.
Similar experiments employing control and N-OH-AAF-modified RNA polymerase II to transcribe poly(dA-dT)-poly(dA-dT) are presented in Table 3 . A higher degree of infidelity w a s noted with this alternating copolymer in comparison to RNA polymerase I (Table 1 ) . Some degree of the transversions, dA-rU to dA-rG and dA-rU to dA-rA, as well as the transition, dA-rU to dA-rC were found with both RNA polymerases.
The most striking differences were those obtained by the transcription of poly(dG-dC)-poly(dG-dC) by both RNA polymerase II preparations (Table 4 ) .
Not only was there a greater degree of misincorporation in comparison with RNA polymerase I (Table 3) , but the N-OH-AAF-modified RNA polymerase II was j | clearly distinguishable from the control enzyme when assayed with Mg . High amounts of the transversion, dG-rC to dG-rU was noted while significantly lower amounts of the base-pair transformation, dG-rC to dG-rA occurred.
Control experiments measuring the degree of misincorporation with poly-(dG-dC)-poly(dG-dC) and poly (dA-dT)-poly (dA-dT) as templates but with E_. coli RNA polymerase are presented in Table 5 . A similar amount of the base-pair transformations, dA-rU to dA-rG was found with the bacterial polymerase in comparison to the hepatic RNA polymerases. Moreover, similar degrees of miscopying were obtained with poly(dG-dC)-poly(dG-dC) as template when compared to control liver RNA polymerases. It is noteworthy that assays utilizing the latter template in the presence of Mg did not produce an altered misincorporation frequency as seen with N-OH-AAF-modified RNA polymerase II. The results of these experiments have shown that there is an inherently high degree of misincorporation by both the rat liver enzymes and the bacterial polymerase when transcribing poly(dG-dC)•poly(dG-dC) in comparison to the low error rate with poly(dA-dT)•poly(dA-dT) as template. Although the fidelity of transcription with synthetic templates is difficult to compare with the transcriptional process Iji vivo, these studies do provide information on the potential of a given species of RNA polymerase to commit point mutations. Thus, the most frequent base-pair transformation transcribed by the hepatic RNA polymerases with poly(dG-dC)-poly(dG-dC) as template were dGrC to dG-rU, and dG-rC to dG-rA. With E. coli RNA polymerase, the transversion, dG-rC to dG-rA occurred to the largest degree. Transcription of poly(dA-dT).poly(dA-dT) by either rat liver or bacterial enzymes resulted in a considerably higher degree of fidelity with the most prevalent point mutation being the transversion, dA-rU to dA-rG.
Several other investigations have utilized synthetic templates in order to assess the potential of bacterial and viral polymerases for committing base-pair transformations. Inherently high error rates were reported for E. coli RNA polymerase transcribing poly(dG).poly(dC) and poly(dA-dT)-poly-(dA-dT) (16) . Even 10-100-fold higher error rates were noted for the DNA polymerase of spleen necrosis virus (17) and avian myeloblastosis visus (18) utilizing poly(rC)-oligo(dG) as template-primer. While the latter studies do not demonstrate that point mutations result in vivo, they do establish that the viral enzymes are potentially capable of miscopying endogenous RNA templates (16, 17) and chemical carcinogen-modified templates (18) , and have served as the basis for hypotheses concerned with the initiation of chemical (19) and viral oncogenesis (20) . 
